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New building design 
from Fermilab Facilities Engineering Services Section (FESS)

• Steve Dixon & Tom Lackowski did the estimate

• The design goal was to do an estimate for something simple, 
hopefully cheap
– 50 kton detector
– Based on containers, but scalable for other schemes
– Partial excavation in bedrock, about half the detector below grade
– No overburden, 

• Contrast with the 10 meter overburden CNA design shown at SLAC
– No building crane, instead use a Rubber Tire Gantry (RTG)
– Limited HVAC (keep above 32 F, ventilation)

• Will compare with the CNA design
– requires scaling since that design is for a smaller building
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Long cross section
550 ft
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06 PERMITS, FEES, PS $6,942,000
Bare Construction Costs $12,384,000

01 Environmental Impact Studies & Mitigation $12,384,000 % 1% $124,000
02 Engineering Design, Inspection and Administration $12,508,000 % 20% $2,502,000
03 Management Reserve $15,010,000 % 25% $3,753,000
04 Indirect Costs $18,763,000 % 3% $563,000

6-2-22 PDR 4/25/03
QUANTITY UNITS UNIT COST AMOUNT

01 LAND ACQUISITION $0
01 Surface Land Costs $0
02 Undeground Rights Costs $0
03 Road Easements $0
04 Utility Easements $0
05 Public/Private Road Fees $0

02 GENERAL CONDITIONS $2,476,800
01 Percentage of Construction Costs 20% % $12,384,000 $2,476,800

03 SITE WORK/INFRASTRUCTURE $1,516,000
Includes Sub-tier contractor OH&P 15% $198,000

01 Clear and Grub Entrance Road 0 Acres $5,000.00 $0
02 Strip 1' of soil 0 CY $5.00 $0
03 Entrance Road Base 1 mile x 30' x 18" 0 CY $40.00 $0
04 Entrance Road Paving 1mile x 24' x 4" 0 SY $7.50 $0
05 Access Road 1 LS $4,500.00 $4,500
06 Site Power Pole Line 0 Mile $181,500.00 $0
07 Communication Lines 1 Mile $15,000.00 $15,000
08 Strip and grub 4 Acres $5,000.00 $20,000
09 Site Grading 1 Acres $15,000.00 $15,000
10 Gates and Fencing 1 LS $36,772.00 $36,772
11 Sidewalks 1 LS $6,938.00 $6,938
12 Construction Hardstands 0 SF $3.10 $0
13 Electrical Substation (2000 kVA Transformer) 2 Each $55,400.00 $110,800
14 Four Way Air Switch 1 Each $26,000.00 $26,000
15 750 KW Diesel Generator 1 Each $146,820.00 $146,820
16 Oil Containment 1 Lot $20,000.00 $20,000
17 (2)-5" Electrical Ductbank in Concrete 150 LF $80.00 $12,000
18 3-1/C 750 MCM Conductors 200 LF $230.00 $46,000
13 Water Well (200' deep) 1 Lot $25,000.00 $25,000
14 Water Storage (& Fire) Tank 1 Lot $650,000.00 $650,000
15 Fire Protection Panel (in Building Estimate)
16 Sanitary Sewage Holding Tank 1 Lot $12,000.00
17 Fire Underground Main 0 LF $16.00 $0
18 Envir. Protection - silt fence 0 LF $4.00 $0
19 Mine Water Treatment w chemicals 0 Lot $500,000.00 $0
20 Settling basin 1/2 acre 0 Lot $90,000.00 $0
21 Hydrant + PIV's 0 Lot $3,000.00 $0
22 DWS 3" 0 LF $8.00 $0
23 Storm Sewer 1 LS $152,416.00 $152,416
24 Exterior Lighting 1 LS $31,000.00 $31,000

04 BELOW GRADE $5,739,000
Includes Sub-tier contractor OH&P 15% $749,000

01 Excavate Overburden 36500 CY $12.00 $438,000
02 Haul Overburden Spoils 36500 CY $3.00 $109,500

 03 Excavate Rock 58175 CY $38.00 $2,210,650
04 Haul Muck 87260 CY $3.00 $261,780
05 Rock Bolts 5'x5' pattern 10'LG 17000 LF $6.75 $114,750
06 Drainage Strips 5600 LF $8.00 $44,800
07 Shot Crete W/ WWF 4" 41984 SF $8.00 $335,872
08 CIP Slab on Grade 397 CY $250.00 $99,250
09 CIP Retaining Wall 1250 CY $450.00 $562,500
10 CIP Grade Beam 155 CY $450.00 $69,750
11 CIP Piers and Footings 135 CY $500.00 $67,500

OFF AXIS  DETECTOR
DESCRIPTION OF WORK:ITEM NO.

12 CIP Container Base Slab 1418 CY $350.00 $496,300
13 Sump and Discharge Piping 4 EA $22,000.00 $88,000
14 Drain Tile 1500 LF $12.00 $18,000
15 Dimple Mat 36900 SF $2.00 $73,800

05 ABOVE GRADE $5,129,000
Includes Sub-tier contractor OH&P 15% $669,000

01 Metal Deck 18 Ga 60500 SF $1.60 $96,800
02 Purlins 144 Tons $2,200.00 $316,800
03 Trusses 155 Tons $2,200.00 $341,000
04 Truss Bracing 3.7 Tons $2,200.00 $8,140
05 High Bay Columns 105 Tons $2,200.00 $231,000
06 Grits 56 Tons $2,200.00 $123,200
07 Stairs 2 Ea $49,000.00 $98,000
08 Wind Bracing 4 Tons $2,200.00 $8,800
09 Misc Steel 5 Tons $2,200.00 $11,000
10 4 Ply Built-up Roofing 60500 SF $2.10 $127,050
11 Insul 3" 60500 SF $0.75 $45,375
12 Siding 99200 SF $12.00 $1,190,400
13 OHD 14' x 18' H 2 EA $14,000.00 $28,000
14 OHD 10' x 10' 1 EA $8,000.00 $8,000
15 Man Doors 6 EA $800.00 $4,800
16 Interior Partitions and finishes 1 Lot $80,000.00 $80,000
17 Extinguisher agent (200lb container) 2 EA $7,250.00 $14,500
18 Dispersion Nozzle and Piping 8 EA $3,500.00 $28,000
19 Control Release Panel 1 EA $3,250.00 $3,250
20 Detection Wiring 8 EA $650.00 $5,200
21 Emergency Release / Abort Button 4 EA $250.00 $1,000
22 Ventilation (Roof Exhaust) 1 Lot $110,000.00 $110,000
23 Heat Exchangers 2 EA $35,000.00 $70,000
24 HX Installation 1 Lot $27,000.00 $27,000
25 Tower Pumps 2 EA $12,000.00 $24,000
26 Piping Installation (minimal) 1 Lot $130,000.00 $130,000
27 Structural  pipe hangers 1 Lot $24,000.00 $24,000
28 Starter or VFD 4 EA $20,000.00 $80,000
29 Electrical to Pumps 1 Lot $12,000.00 $12,000
30 Allowance for controls 1 Lot $17,000.00 $17,000
31 Flushing, Testing, and Balancing 1 Lot $8,000.00 $8,000
32 Cooling Tower 1 Ea $80,000.00 $80,000
33 Toilet Room Fixtures 1 Lot $4,000.00 $4,000
34 HW Heater 1 Ea $800.00 $800
35 Fire Pump 100psi @ 1,500 GPM 1 Lot $75,000.00 $75,000
36 2-Risers 1 Lot $15,000.00 $15,000
37 In-Rack (Detector Sprinklers) 23000 SF $6.25 $143,750
38 Sprinklers 60500 SF $3.00 $181,500
39 50 KVA transformers 4 EA $2,400.00 $9,600
40 2000 A switchboard 2 EA $15,400.00 $30,800
41 1200 Amp Panels 4 EA $3,800.00 $15,200
42 800 Amp Panes 4 EA $3,200.00 $12,800
43 400 Amp Panels 4 EA $2,900.00 $11,600
44 225 Amp Panels 4 EA $2,100.00 $8,400
45 750 MCM THWN Copper 4/c 200 LF $23.00 $4,600
46 Welding outlets 8 EA $420.00 $3,360
47 Power Distribution 60500 SF $5.00 $302,500
48 Unit Heaters 36 EA $2,000.00 $72,000
49 Lighting 60500 SF $1.33 $80,465
50 Fire Detection 60500 SF $2.25 $136,125

FESS Cost estimate

• 94 line estimate
– 12,384 K $ construction costs
– 134 K $ Environmental
– 2,477 K $ General Conditions
– 2,502  K $ EDIA
– 563 K $ indirect costs

• 18,050 K $ Subtotal
– 3,753  K $ contingency (25%)

• 21,803 K $ TOTAL



Our prejudice was 50/50 (above/below grade) 
would be most cost effective.  Not true
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Scaling with width
for schemes needing more width to load detectors

or just for a wider detector
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CNA building 
described by Marvin Marshak at SLAC

10 m overburden

28 m

22 m



CNA building 
described by Marvin Marshak at SLAC

125 m
building

3 catwalk levels



Compare Fermilab to CNA
• First, just compare a “surface” building
• CNA got a surface design

from Miller-Dunwiddie Architects
– 13,474 K $
– For a 28 m by 22 m by 100 m building
– Subtract 1,670 K$ for catwalks not in Fermilab design
– Subtract about 1,000 K$ for office space, HVAC (72+-5 F)
– To get 10,804 K$ + 25% contingency = 13,505 K$

• The Fermilab building is 34 m by 40 m by 170 m
– Scale to surface, scale width, scale length
– 9,984 K $ + 25% contingency = 12,060 K$

• 12% difference – I declare this to be a success

• So try to get the overburden / no overburden difference



Beam View

CNA

34 x 40 m2 28 x 22 m2

Plus arch

Buildings face on



Plan View

Building surface areas

Fermilab 34 x 170 m2

CNA 28 x 125 m2



Compare CNA & Fermilab Buildings

• CNA / Minnesota
• Detector width  20 m
• Structure width  28 
• Detector height  20 m
• Structure height  22 m, 

22 m in bedrock
• Detector length  100 m
• Structure length 130 m
• Overburden  10 m

• Structure footprint area 3,500 m2

• Detector volume 40,000 m3

– (about 20 Kton)
• Structure volume 79,400 m3

• Cost 27.0 M$
– Scale by detector volume? (* 2.4)
– To get 64.8 M$ ??  Not quite

• Fermilab
• Detector width  28 m
• Structure width  34 m
• Detector height 26 m
• Structure height  40 m, 

15.6 m in bedrock
• Detector length  130 m
• Structure length 170 m
• No Overburden, but also deep

• Structure footprint area = 5,780 m2 (*1.65 )

• Detector volume 94,640 m3 (* 2.37 )
– (50 Kton) (*2.50 )

• Structure volume 231,200 m3 (* 2.91 )

• Cost 21.8 M$     



• Fermilab used $38 /cubic yard for excavation of 58,175 CY 

• CNA used $ 10 /CY 
• Makes a big difference, so must adjust one or the other

Adjustments to both

UNIT PRICE ANALYSIS FOR ROCK EXCAVATION 
 
Cost Data from Cost Works program by RS Means, copyright 2003 
(1st Quarter 2003 update) 
 
Total cost used in estimate for rock excavation,  
not including hauling  =  $38.00 
 
 
Drill and Blast only, Deep hole method over 1500 cy =  $29.50 / cy 
 
Excavate and load blasted rock into muck bucket =  $1.33 / cy 
 
Clamshell at 20 cy/hr (plus 15% if loading into trucks) =  $7.13 / cy 
 
        Total      =   $37.83 use $38.00 / cy
 
 
The excavation section did not have a listing for a crane and a muck bucket, so it was reasoned that a clamshell would 
approximate the cost for a crane and muck bucket. 



More adjustments
• Subtract 

• 1.67 M$ from CNA for catwalks not in Fermilab estimate
• 0.25 M$ for crane in CNA. 

– Different detectors need very different cranes anyway?
– CNA 10 T, Fermilab needs 30 T

• 0.36 M$ for Office space not in Fermilab estimate
» And multiply by 1.25 cont., 1.2 conditions, 1.2 EDIA

• Add to CNA estimate for the excavation
• First scale up by detector volume since all underground, 

factor of  2.37
• Then add increased cost per unit volume of ($38- $10) for 

94,640 m3 = about 119,000 CY = 3.33 M$
» And multiply by 1.25 cont., 1.2 conditions, 1.2 EDIA
» Net of 6.0 M$



“Final” comparison
• CNA at 27 M$

• - 4.1 M$ for items not in Fermilab estimate
• Then (27.0 - 4.1)*2.37 = 54.3 M$
• Then add excavation cost differential of 6.0 M$

• Net is 
CNA at 60 M$ 

vs. 
Fermilab at 22 M$

• Ratio is 2.7

• The extra $ gets TWO things
– 10 m overburden
– HVAC with 72 +- 5 deg F



• Earl scaled the CNA estimate from 20 kton to 50 kton
• At 20 m deep he 

gets about
42 M$ * 1.25

= 53 M$
• But this would

compare to
Fermilab with 
the cheaper 
excavation cost,
22 M$ 19

• Ratio is 2.8, so again I declare victory (for both of us) !

Cross check from Earl Peterson
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By now you probably forgot the totals

• Our best attempt at apples to apples 
estimates on Building costs are:

– 20 m down with 10 m overburden @ 53 – 60 M$
– 16 m down with no overburden @ 19 – 22 M$
– On the surface, no overburden @ 12 – 13.5 M$

– All with 25% contingency



Enough of that, what about 
Infrastructure?

• The building estimates include
– Fire protection, including water storage
– Restrooms, potable water
– Modest (short) access roads

• But nothing on 
– Power, except a substation
– Land costs
– …..
– And we will have to work these things out eventually, but 

they are site dependent
• So let’s remind ourselves of the sites studied so far



5 sites have been looked at:
Off-Axis

(km)
Distance 

(km)

10.5712Cliffs-Erie, Minnesota
(LTV)

9.3774Buyck, Minnesota

11.8812Ash River, Minnesota

9      875Fort Frances, Ontario

15.6950Vermilion Bay, Ontario



Many more 
map details 

in 
J. Urheim’s 
London talk 

and 
Marvin 

Marshak’s 
SLAC talk

Buyck, MN 
775 km, 
2 km up

Vermilion 
Bay, Ontario 
~950 km,
15.6 km up

Fort Frances, 
Ontario 
~875 km,       
9 km up



Soudan

Ash River

Buyck

Cliffs-Erie

812 km, 11.8 km off-axis

774 km, 9.3 km off axis

712 km,
10.5 km off-axis



To provoke Site Discussion:

• Politics
– Cliffs-Erie is easiest, but shortest baseline 
– If in Canada, maybe Canadian funds, otherwise…

• Next step(s)
– Based on discussion here concentrate on only two?
– Most northern US, most northern Canada?



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


